BENEFITSAPPROACHESUSING PATHWAY MODELING

This chapter presents three approaches (Approaches B-D) for identifying the benefits of
RCRA using pathway modding of contamination at samplefacilities. Relativetotheproperty value
method, these approaches would provide more detailed estimates of the range of exposure-related
benefitsof changesin wade generation, management and disposal practicesunder RCRA Subtitle
C. While Approach A addresses benefits associated with facility closures, pathway modeling
approaches identify the benefits associated with improved waste management at operating TSDs.

The approaches provide:

While pathway modeling focuses primarily on incremental benefits of changing waste
management at on-going TSD operations, the approach may also be able to provide an aternative
estimateof the benefitsdescribedin Approach A (i.e., the benefits associated with facility closures).
The ability to extrapolate pathway modeling resultsto an estimate of avoided hazardous waste sites

An estimate of incremental benefits of avoided contamination due to
improved waste management practicesat operating TSDs. Estimatesreflect
both changesin quantities of waste managed and changesin failureratesand
releases from new waste management facilities. Pathway modeling can be
used to identify the effects and probability of potential contamination in a
"clean" site, and can aso provide an estimate of incremental damages that
would haveresulted from continued wastedisposal (intheabsenceof RCRA)
at asite that was already contaminated in 1980.

Specificinformation about therel ative contribution of different benefitssuch
as the value of avoided human health effects and the extent of ecological
benefits. Pathway modeling methodsallow separateeval uation of individual
attributes and descriptions of the "environmental outcomes' resulting from
the RCRA program; this can be useful in GPRA reporting, comparative risk
analyses, or to address other Agency information needs, or in adjusting
analyses to reflect new or updated approaches or information in the
evaluation of specific attributes
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will depend on the representativeness of thesample of facilitiesused inthe modeling effort. Exhibit
3-1 illustrates the portion of RCRA benefits that may be addressed by Approaches B, C, or D.

Exhibit 3-1
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We present three distinct pathway modeling approaches for identifying RCRA Subtitle C
benefits. These approaches represent variations of asingleapproach in that they all model exposure
scenarios using site-specific datafrom asample of facilities. However, they differ from one another
intwo ways. they propose different methods identifying a sample of facilities representing RCRA
(and without-RCRA) TSDs, and they employ different available pathway models. 1n consequence,
the approaches differ in the certainty of their results and in their ability to extrapolate national
benefits estimates from facility samples.

. Approach B would provide an assessment of the benefits of Subtitle C
regulations based on site-specific informaion at a sample of RCRA TSD
facilities from EPA's Corrective Action RIA.

. Approach C would use primary data collection and modeling to identify
benefits associated with a newly sdected sample of facilities.
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. Approach D would assessthe benefits of RCRA by applying the Hazardous
Waste Identification Rule (HWIR) 3MRA multi-pathway model, using the
sample facilitiesin this model to represent pre-RCRA fecilities.

31 ATTRIBUTESMEASURED

Each of the pathway modeling goproacheswoul dprovide estimatesof benefitsfrom avoided
human health and ecological impacts. Each would use modeling to project contamination and
damage in a without-RCRA scenario and then compare these reaults to "with-RCRA™" damages.
Modeling estimates of contaminant levels and duration can then be used to assess the avoided costs
associated with contamination, including the govemment-mandated treatment and remedi ation costs
and voluntary averting behavior and response costs (e.g., community time). Inaddition, for specific
attributes and benefits that cannot be easily measured using pathway modeling (e.g., improved
aesthetics and avoided health effects and costs related to acute events), the approaches include
separatemethodol ogical optionsto augment the modeling results. Theattributes addressedinclude:

. Human Health Benefits from reduced exposure to contaminated ar, soil,
and groundwater. Pathway modeling can provideestimatesof chronic human
health effects(e.g., popul ation estimatesof cancer and non-cancer effectsand
estimates of risk to maximum exposed individuals (MEI)). A separae
method woul d address potential health effectsrel ated to avoided acuteevents
(e.g., hazardous waste spills or explosions).

. Ecological Benefitsfrom reduced surface water contamination and damage
to biota and habitats. Pathway modeling can provide estimates of
contamination at active facilities. A separate method would address the
potential benefitsof restrictionson buildinginflood plains(i.e., the potential
reduction in ecological damage associated with flooding events).

. Avoided Costs associated with contamination incidents, including
government-mandated treatment and remediation costs and costs related to
voluntary averting behaviars.? Pathway modeling estimates of the extent of
contamination providethe basisfor estimated clean-up and averting behavior
costs.

1 Glenn Farber in EPA's Office of Solid Waste has been devel oping this approach and has
provided a general description of the approach in this chapter; the development of amore detailed
description of thisapproach depends on the completion of the HWIR 3MRA model.

2 While voluntary averting behavior costs typically function as a low-end proxy for
willingnessto pay to avoid hedthrisks, we presant avoided cost methodsinone placefor smplicity.
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. Improved Aestheticsand Historic Preser vation associated with improved
waste management practices. These attributes describe benefits resulting
from improved aesthetics (e.g., reduced noise and odors) attributable to
improved waste management practices. Reduced impacts on historic
landmarks are al so considered.

Theseattributesidentify the principal benefitsof RCRA that can be estimated using pathway
analysis. However, while pathway analysis can be used to providequantitative estimates of health
and ecological impads over long time horizons, the approaches in this chapter do not specifically
addressanumber of issuesrelated to the long-term benefits associated with RCRA. Wediscussthe
assessment of long-term benefits in more detail in Chapter 4.

The remainder of this chapter outlines the three pathway modeling approaches and the
proposed methods for addressing the relevant attributes. We first provide a general outline of
Approach B. We then describe potential methods for addressing the relevant attributes within the
context of thisapproach. Finally, we provide general outlinesfor Approaches C and D. We do not,
however, separately discuss methodsfor addressing attributesunder ApproachesC and D; thesetwo
approaches will likely use variants of the methods discussed in Approach B, but our information
about specific madelsis currently limited and we cannot describe likdy outcomesin detal.

3.2 APPROACH B: SITE SPECIFIC MODELING APPROACH
USING CORRECTIVE ACTION RIA FACILITY DATA

Approach B directly examines a sample of facilitiesto identify and evduate changes in
practices. Approach B involvesthree basic analytic steps: identification and collection of afacility
sample; modeling analysis of facility data and identification of avoided damage; and estimation or
characterization of attributes related to avoided damage. At each of these stages there are
methodological alternatives that vary in required resources and in the comprehensiveness and
precision of reaults.

3.2.1 STEP 1. Identification and Selection of Facility Sample

Our proposed Approach B analysis would use the site specific data and models that were
developed for the 79-facility sample of the Corrective Action RIA2 Thisdataset hasseveral distinct

3 The Corrective Action RIA identified 79 sample facilities with pre-RCRA solid waste
management units (SWMUSs) that would require remediation under Corrective Action if they were
(or became) contaminated. We believe that these facilities are likely to be generally representative
of facilities with pre-RCRA practices. However, a close examination of facility data is necessary
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advantages. First, the facility sample was selected to support anational estimate of the benefitsand
costsof the Subpart S Corrective Action program. The data set containsfacility processinformation
about a nationally-representative group of operating TSD facilitiestha also have pre-RCRA weste
management unitson site.* This data source, therefore, represents an alternativeto arigorous and
extensive sample selection process.

Second, the sample of CorrectiveActionfacilitieswasused to model the actual and expected
contamination from closed (i.e., pre-RCRA) Solid Waste Management Units (SWMUSs) on site at
RCRA facilities. The baseline of this modding effort effectively establishes the expected
contamination levels for our proposed with-RCRA Subtitle C scenario.

One limitation of this sample is that it may contain several facilities with SWMUSs that
stopped receiving waste prior to the development of RCRA, and are thereforenot relevant to RCRA
prevention programs. If thisisthe case, then the effective sample size for an analysis of theRCRA
prevention program may be smaller, affecting the ability to extrapol ateresultsnationally. However,
becausethe 79 siteswere adive RCRA facilitiesin 1992, and because many had multiple SWMUs
on site, it islikely that there is a suffident sample of SWMUs and facilities that were affected by
RCRA to be able to estimate some nationd level benefits of the program.

3211 Supplemental Data Sour ces

While Approach B would be based primarily on the Corrective Action RIA facility sample
and modeling results, we also examined anumber of other naional datasets that may be useful in
supplementing the analysiseither by providing additional facility dataor by identifying additional
facilitiesif the Corrective Action RIAsampleislimited. Moreover, thesesourcesmay provide useful
data about RCRA facilities and contaminated sites that could help inform the development of
national estimates of certain benefits:

. CERCLA Facilities: The CERCLIS database containsfacility information
on the extent of existing contamination and environmental damage for NPL
and non-NPL sites. For many sites, the Agency has prepared site narratives
describing historical operationsand waste disposd patterns. Although these
sites represent only a subsection of relevant facilities (that is, contaminated

to verify the extent to which sample facilities are representative of the pre-RCRA universe. The
actual number of representative facilities (i.e., the effective sample) may be smaller than 79.

4 The Corrective Action RIA used a stratified random sampling approach that emphasized
the selection of fadlities with extensive available data. It istherefore possible that the sample may
not be representative of al pre-RCRA facilities. A careful evaluation of the sampling protocol and
thefacilitiesin the sampleisnecessary to identify potential biaswould affect an analysis of RCRA.
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facilitiesthat closed prior to 1980), the site-specific information and range of
industries, locations, and contamination levelsmay be considerable. Sample
selection requires identifying facilities with sufficient daathat are likely to
represent RCRA-related closures (i.e., facilities that were disposing of
hazardous waste after 1970 but closed by 1980).°

RCRIS Facilitiess. RCRA programs store facility information in the
extensive RCRI S database, which isacollection of previous daabases. One
drawback of RCRIS is inconsistency in the type and quantity of data.
However, the database has permit information on key parts of the population
of facilities affected by RCRA, including "converters' (i.e., facilities that
obtained Interim Status as TSDs and then ceased managing hazardouswaste)
and " protectivefilers' (i.e., facilitiesthat entered the RCRA system but never
completed the permit process). Use of RCRIS demandsinitial research into
the availability and quality of specific types of data.

BRSFacilities: BRStracksonly active RCRA facilities, but examination of
different BRS reports over time may reveal patternsin closure and changes
in the number of industries and facilities regulated under RCRA as new
initiatives and regulations have been added. In addition, BRS contains
information on quantities and types of wastegenerated, andmay be useful in
assessing the benefits of waste minimization efforts under RCRA.

State Programs. Certain state hazardous waste prograns maintain
comprehensive information about prevention and deanup activities at al
sites. States may provide a broader range of facility sizes and damage
incidents than Federal sources because they frequently address "smaller”
releases than those addressed by CERCLA or Corrective Action. However,
information quality varies by date, along with dominant industries and
ecological features; the principal challenge of using these data would be
extrapol ating them to national results. Inaddition, if stateinformation isnot
in aform readily available to the public, then collection of data from more
than nine states may require an ICR.

The specific objectives and resources available for an analysis of RCRA will dictate which
of these sourcesis most appropriate for different portions of the analysis, or for supplementing the
Corrective Action RIA facility sample, if this should prove necessary. Werecommend anumber of
methods based on data from several of these sources in our proposed approaches to various

individual attributes throughout the remainder of this report.

> Some CERCLA and RCRIS datamay berestricted as enforcement sensitive but we do not
believe that thiswill prevent collection of basic information about facility practices and damage.

3-6



3.2.2 STEP 2. Mode Basdline and Without-RCRA Subtitle C Releases

Our proposed Approach B would develop an estimate of the incremental benefits of
improved waste management practices at active RCRA facilities, using all or a portion of the
Corrective Action RIA facility sample to represent the universe of these facilities. Based on this
sample, the approach would next model the expedted environmentd damage at thesefacilitiesin
both the with-RCRA Sulttitle C and without-RCRA Subtitle C scenarios.

3221 Identify Level of Contamination in the Presence of RCRA Subtitle C

The Corrective Action RIA analysis model ed the number and size of releases from existing
SWMUs on site at sample facilities. The results of this analysis were used to depict a baseline
contamination level assuming that Corrective Action cleanup programs existed. The benefits of
Corrective Action were then measured by modeling the reduction in damage asaresult of expected
cleanup activities under the program.

All of thereleasesmodel ed inthe Correction Action RIA result fromwastethat was disposed
prior to 1982, and has therefore not been reduced or controlled by the RCRA prevention program.
Asaresult, releases modeled in the Corrective Action RIA baseline do not directly address RCRA
prevention benefits. Instead, they represent the expected contamination level in the with-RCRA
Subtitle C scenario because we assume that these SWMUSs closed due to RCRA Subtitle C. This
approach assumes that the risk of damage from new Subtitle C units & the sample facilities is
negligible, due to monitoring and response requirements under RCRA prevention regulations®

3.222 Model Contamination Levelsin the Absence of RCRA SubtitleC

While they did not prevent contamination from existing waste, RCRA Subtitle C disposal
standards were responsible for the diversion of waste streamsfrom preeRCRA SWMUSs after 1982.
Therefore, the RCRA Subtitle C prevention program is responsible for any incremental benefits of
discontinued waste disposal inthese units(i.e., for any rel eases or damage avoided by discontinuing
disposal in the unitsin 1982).

6 This assumption may be aggressive, because even stringently regulated and managed
wastes may sometimes pose environmental concerns (e.g., due to accidents during handling and
transportation of hazardous wastes, or potential risks from constituents such as metals that are
difficult to manage using certain practices). The strength of the assumption can be tested using the
RCRIS database to identify the actual rae of occurrence of non-compliance and damage incidents
at samplefacilities If damage caused by rel eases from Subtitle C-regul ated facilitiesis significant,
then the expected level of contamination in the with-RCRA scenario can be adjusted to reflect this;
and the specific contribution of waste minimization efforts should be addressed.

37



By adjusting the Corrective Action RIA modeling to refled continued disposd of wastein
sample pre-RCRA units, we can estimate the total damage that would have resulted if pre-RCRA
waste disposal practices had continued at these sites.” The benefit attributable to the Subtitle C
prevention program isthe difference between this " continued disposal” damage and the Corrective
Action RIA’s baseline estimate of contamination from the sample facilities. This captures the
benefits of discontinued waste disposal practices at current facilities.

3.2.3 STEP 3: Estimate or Characterize Benefit Attributes

The modeling resultsin Stage 2 provide estimates of the number and extent of releases and
environmentd damage that have been avoided by the implementation of RCRA prevention
programs. Thethird stage of Approach B involves estimating benefitsassociated with avoiding this
damage. Itisnecessary inthisapproach to address benefit attribute categories separately. Thereis
no aggregate measure of benefits such as the property value estimate in Approach A. However,
while separate analysis of individual attributes requires additional effort, it provides the following
flexibility that is not available in Approach A:

. Theability to focus on aspecific attribute or category of benefitsand provide
more information on specific environmental outcomes resulting from the
RCRA Subtitle C program;

. The ability to revisit and update specific attribute analyses as information
improves or as the literature in the field devel ops.

We present potential methodol ogies for estimating benefits in the next section of this chapter.

" We expect that the facility information that was collected during the development of the
Corrective Action RIA will be sufficient to support an estimae of facility production, waste
generation, and disposal rates. Toaddress continued waste disposal practiceswe proposetoidentify
arange of scenarios, including a scenario that predicts continued disposal at a constant rate, and
scenarios that suggest declines in waste generation (e.g., due to technology improvements) and
Increasesin waste generation (e.g., dueto faality growth). For casesinwhich fadlity-specific daa
are not sufficient to develop a scenario of continued disposal, we propose to supplement facility-
specificinformation with industry-level datain EPA'sIndustry Assessmentsto devel op aressonable
disposal scenario for arepresentative facility.
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3.24 STEP 4: Apply Modeling Resultsto " Avoided TSDs'

The modeling scenarios in Step 2 identify incremental damages that would have occurred
if waste continued to be managedin certain SWMUSs. Theseresultsshould berepresentativeof TSD
facilities in the Corrective Action universe (i.e., operating facilities that changed practices under
RCRA).® In addition, these results can also provide an alternate estimate of the benefits associated
with facility closures (i.e., an aternative to the property value-based result of Approach A). This
alternative would apply the average avoided contamination level identified in Step 2 to the number
of "avoided TSDs" (subject to the same uncertainties) identified in Approach A. Theresult would
be an estimate of total avoided contamination associated with TSDsthat closed under RCRA. This
step would require the following cdculations:

. | dentify therange of avoided damagesat RCRA facilities(based on modeling
results from Step 2) and adjust this avoided damage estimate to reflect the
total universe of facilitiesestimated in the Corrective Action RIA; thiswould
provide anational estimate of avoided damages dueto improved practices at
ongoing facilities

. Apply the range of avoided (without-RCRA) average per site damage
estimatescal cul ated for thesamplefacilitiestothe"avoided TSDs" identified
in Approach A.° Thiswould provide an estimate of the avoided damage due
to facility closures; and

. Add the results of these two analyses to provide a total estimate of the
damage avoided by RCRA regulations & TSDs.

The avoided damage from closures under Approach B can be measured simply by applying
the range of damages identified at existing facilities to the number of avoided facilities, including
both "clean" facilities and those with existing damage that were eliminated from consideration in

8 The extent to which these results can be applied nationally will depend on the extent to
whichfacilitiesand SWMUsin the Corrective Action RIAfacility samplearerepresentativeof units
that were affected by RCRA.

° Note that a simple extrapolation of the range of damages from the Corrective Action RIA
to theoretical "avoided facilities' assumesthat the avoided facilitieswould look likethefacilitiesin
the Corrective Action RIA sample. This extrgpolation can be adjusted if availabe information
suggests that Corrective Action RIA facilities are not representative of avoided TSDs. Remaining
uncertainty can be addressed with a sensitivity andysis.
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Approach A.° Asin Approach A, however, itisnecessary to develop arange of estimatesto reflect
possibledifferencesintheprofileof existing contamination at facilitiesinthe Corrective Action RIA,
and the profile of existing contamination at facilities that closed under RCRA. Exhibit 3-2 shows
aflow chart illugrating the calcuationsin Approach B.

33 PROPOSED METHODOLOGIESFOR BENEFITSATTRIBUTES

The Approach B modeling effort provides data that define the extent of avoided
contamination associated with improvements in waste management under the RCRA Subtitle C
program. Thesedata, in turn, inform a se of analyses that would estimate the benefits associated
with avoiding this contamination. Below we propose methodologies for assessing human health
benefits, ecological benefits, avoided costs, and aesthetic and historicd benefits associaed with
RCRA SubtitleC program. These methodsrely primarily on the dataand modeling resultsavailable
under Approach B. In addition, while the Corrective Action RIA data are sufficient for some of the
methodswe propose, we al so recommend additional datacollection or additional analysesto address
aspects of attributes that Approach B modeling data do not adequately address.

3.3.1 Human Health Benefits Rdated to Chronic Exposure

Animportant potentid benefit of RCRA isthe avoided human health effects associated with
exposure to hazardous waste. Because of the large number of different chemical constituents and
wastetypesaddressed by thelaw, avoided health effectsinclude arangeof individual and population
cancer and non-cancer risks. Although these effects are usually the result of chronic exposure over
along period of time, improved waste management under RCRA may also prevent acute health
effects related to exposure from accidents; we address acute events separately below.

Furthermore, exposure to the variety of wastes regulated by RCRA can occur through one
or more of several pathways, including ingestion or dermal exposure (e.g., through showering) to
contaminated water, inhal ation of airborne contaminants, or exposure to soil contaminants through
agricultural products or dermal contact. Actua exposure levels are dictated by the Ste specific
variablesof geography, hydrology, and thelevel and type of resource usein thevicinity of afacility.
A large release at a facility in a remote area with impermeable soil may not create a measurable
human health risk, while a smaller leak in a densely populated area or near an aquifer used for
drinking water can have considerable effects.

10 Refer to Exhibit 3-1 for arepresentation of the portion of benefits and impacts captured
under Approach B.
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Multiple pathway exposure modeling is the most appropriate method for effectively
addressing and estimating human health risks in the wide variety of scenarios that occur under
RCRA. The standard approach for bendits analysis using multiple pathway exposure modeling
involves the following steps:

. Estimating the environmentd transport of contaminantsthrough soil, air, and
other pathways under a range of with-RCRA and without-RCRA release
scenarios;

. | dentifying the human "exposure points® in the vicinity of thefacilities (e.g.,

nearby homes, drinking water wells and agricultural land); and

. Applying estimates of the value of avoiding the expected health effects that
result from these exposures.*

Thesite-specific datarequired for characterizing avoided rel eases under Approach B should
be sufficient, if carefully collected, for developing amodel ed estimate of therange of human health
risks associated with exposure. The sample of 79 facilitiesin the Corrective Action RIA formsthe
basis for a national estimate of the human health benefits of the Corrective Action program. The
RIA uses MM SOIL S to model the baseline and Corrective Action exposure scenarios and derives
cancer and non-cancer benefits estimates based on exposure scenarios from the model. In addition
to their potential use in developing an estimate of total environmental damage avoided by RCRA,
these data can provide a baseline estimate of human health risks at ongoing TSDs.

Method:

. Use the Corrective Action RIA baseline to identify human health risks from
old waste disposal in the presence of RCRA (i.e., units that closed due to
Subtitle C);

. Re-run the Corrective Action models to determine exposure to continued

waste disposal in the absence of RCRA;

1 The statistical value of ahuman life is frequently used to monetize the popul ation-level
benefits of cancer risk reduction and has been applied in other scenarios. This value, and its
application in different types of analysis, is itself the subject of ongoing discussion among
economists, but its application is an established practice. The sdection of a value would be done
in accordance with EPA's Guidelines for Performing Economic Analyses as part of the design and
implementation phase of this project.
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. Estimate the economic value of the differences in human health risks under
the two scenarios; and

. Apply therangeof resultsfrom thismethodol ogy tothe Approach A estimate
of avoided TSD fecilities.

The Corrective Action RIA provides an estimate of both population risks and "MEI" risk;
MEI risk in this case would addresses those individuals who represent the top ten percent of
exposures associated with wastein closed pre-RCRA SWMUSs. TheRIA modeling effort attempted
toaddressall damage associated with closed SWM Us (including future human health risksfrom past
releases) and developed a present value estimate of the monetized avoided risks. A revised model
would likewise predict future damages associated with "past” waste disposal by modding
continuation of disposal from 1982 until the present time. Potentia adjustments to the original
modeling assumptions may include updates in estimates of future population density, potential
changesin assumptions about the cal cul ation of apresent value of human health risks, and revisions
to model inputs to reflect new research in health effects or exposure analysis. In addition, the
methods for valuing avoided health effects should be carefully reviewed.

Advantages. This approach uses published data and a reliable methodology, and does not
require significant additional collection of site-specific data for the development of a modeled
estimate of the benefits of changesin management pradtices at operating TSDs. Assuming that the
Corrective Action RIA sample facilities are representative of RCRA TSDs, the method would
provide anational estimate of avoided population and MEI risks associated with improvementsin
waste management under RCRA.*? The approach identifies the benefits of "original" RCRA
program regulations.

Disadvantages: The results of thisapproach are limited to practices at TSD facilities and
does not address generators under RCRA. In addition, the approach does not address newer RCRA
regulations because it looks only at SWMUs that ceased operations by 1982. Finaly, the effort
required to re-examine facility data and re-program the MMSOILS model is likely to be
considerable® Note that while the original modeling protocols have been well documented, the
effort required to recreate the original modeling results and adjust the model for the without-RCRA
scenariowould be significant. For example, the Corrective Action RIAwasconcerned withtherisks
associated with preeRCRA SWMUSs. As a result, the modeling did not emphasize air releases
becausemost volatilization had already occurred. Inoontrast, themodeling effort required to predict

12 Reductioninthe number of MEIls, however, would nat represent aseparate, additivehealth
benefit to reduction in population cancer risk.

13 Inaddition, EPA's Science Advisory Board (SAB) identified thelimitationsof MM SOILS
initspeer review of the Corrective Action RIA; to the extent that newer versionsof MM SOIL S have
not addressed these limitations, Approach B would require addressing the SAB concerns.
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without-RCRA exposures would need to include potential air releases associated with continued
waste disposal. Exhibit B-1 in Appendix B contains a summary description of this methodology,
along with methods for estimating human health benefits recommended in other approaches.

3.3.2 Acute Events

In addition to reducing therisk of health effects from chronic exposure, the RCRA Subtitle
C program may provide significant benefits by reducing the frequency and severity of acuteevents.
Whilethese benefits are difficult to identify and monetize, they may include human health effects
ecological damage, and costs associated with emergency response and cleanup.

Webriefly examined two aspectsof potential benefitsof RCRA associated with acuteevents:
reduction in the overall frequency of events, and reduction in the probability of infrequent but
catastrophicevents. Theresultsof our screening analyseswereinconclusive, but suggestthat further
examination of these issues may be useful. We therefore provide a brief summary of our analyses
and propose methods for further examining thisissue.

3321 Frequency of Acute Events

Thenumber of acute waste-rel ated events appearsto have declined sinceadoption of RCRA.
ICF (1996) reports 370 hazardous waste acute events in a three year, post-RCRA period (1993-
1995).** In contrast, review of the EPA Hazardous Materials Incidents Reported to U.S. EPA
Regional Offices document (1980) suggestsa conservative estimate of 620 hazardous waste acute
eventsin a comparable pre-RCRA time frame.*> Thus, the frequency of acute events has been as
much ashalved (i.e., from over 200 per year to roughly 120 per year) since the adoption of RCRA .6

14 1CF. "Memorandum: Results of Analysis on Releases from Waste Facilities." (1996).

15 EPA. HazardousMaterials IncidentsReported to U.S. Environmental Protection Agency
Regional Offices from October, 1977 through September, 1979. Washington, D.C.: EPA. (1980).

6 The EPA Hazardous Materials Incidents report does not distinguish hazardous waste
incidentsfrom hazardous material sincidents. However, thedocument doesdividereported incidents
into thirteen categories of events. We assumethat three of these categories (storage, waste disposal,
and treatment) provide a conservative estimate of hazardous waste events. This estimae is
conservativeasit excludes categoriesthat mostlikely include some hazardouswaste incidents, such
asrail, truck, fireand miscellaneous. Sincethe EPA report coversatwoyear period, wescal e these
resultsto athree year period (by assuming a constant number of annual events) to make the EPA
results comparable to the ICF results.
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Despitethe significant decline in the occurrence of acuteevents, the total number of events
both before and after adoption of RCRA appears to be relatively small, and available data do not
provide estimates of typical costsor health effects associated with acute events. While some events
may require considerabl eresponse costs(e.g., evacuations) and may imposesignificant health risks,
others may involve little more than stabilization and removal of spilled waste. Asaresult, itisnot
clear whether the overall reduction in acute events under RCRA is associated with significant
benefits. Because of the small number of events both before and after RCRA's passage, average
costs per event would have to be quite high to be significant relative to other costs and benefits of
the RCRA Subtitle C program.’” Whilewe anticipaethat avoided costsassociated with acuteevents
would not be significant given the relatively low occurrence of events, willingnessto pay to avoid
health effects related to acute events could be considerable However, we ae not aware of reliable
empirical dataidentifying willingness to pay to avoid acute events.

Method: To better determine the benefits associated with a reduction in the frequency of
acute events, we propose a detailed examination of asample of the events reportedin both the ICF
study and the 1980 EPA report, to determine the extent of costs and health effects associated with
emergency responses. In addition, we suggest areview of the risk communication and valuation
literaturetoidentify any new research that presents an estimate of theval ue associated with avoiding
acute events similar to those prevented by RCRA.

3322 Reduced Risk of Catastrophic Events

Though the frequency and anticipated average cost of acute events may be relaively low,
RCRA regulations may reduce the risk of infrequent but catastrophic events, such as the Bhopal
eventinlIndiain1984. Inthiscaseitisworth characterizing and monetizing the benefits of avoiding
such disasters. EPA (1996) developed an approach for estimating the costs associated with
catastrophicevents based on the probability of occurrence.®® The study characerizesthe probability
of an event equivalent to the Bhopal disaster, and the probability that such an eventwould occur in
the U.S. This probability is then applied to estimates of the total costs (human health,
environmental, economic) of such a disaster. Basad on that benchmark, the study extrapolates
annual costs of catastrophic events.

7 For example, if the average "value" of avoiding an event were one million dollars
(reflecting both avoided response costs and willingness-to-pay to avoided health effects), then the
total annual benefit associated with acute events avoided under RCRA would be roughly $100
million (based on the above data sources). In comparison, total 1994 private sector RCRA
expenditures were roughly $2,500 million, excluding costs to government or society at large.

8 EPA. Economic Analysis in Support of Final Rule on Risk Management Program
Regulationsfor Chemical Accident Release Prevention, as Required by Section 112(r) of the Clean
Air Act. (1996).
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A similar method could be applied to the potential for catastrophic eventsinvolving pre- and
post-RCRA hazardous wastes. However, catastrophic waste-related events appear to berare Our
preliminary examination of the Acute Hazardous Events Database (1985) and two EPA studiesdid
not identify any hazardous waste-related events of " catastrophic' magnitude as defined by impacts
on human health.!® Theinfrequency of eventsand the limitations of available datamake it difficult
toidentify abaseline of catastrophic events against which to measure RCRA. Asaresult, whilethe
costssavingsand willingnessto pay to avoid catastrophic events could beconsiderable, itisdifficult
to determine the change in probability of such an event under RCRA.

M ethod: One possibleapproachisto conduct case studiesof catastrophic events. Thismight
require going back in history to examine past U.S. eventsor looking outsidethe U.S.. One example
would be a case study review of the damage and cost estimates associated with the recent mining
waste releases in Romania. While these incidents took place outside the United States and likely
involve "Bevill Amendment” waste that is exempt under RCRA, they may provide a useful "worst
case" benchmark for hazardous waste-related accidents. If the accidentsdid involve RCRA wastes
and/or waste management practices discontinued under RCRA (e.g., the use of surface
impoundmentsfor hazardouswaste), then it might be possibleto estimate the extent to which RCRA
has reduced the prabability of such events. Exhibit B-1 in Appendix B contains a summary
description of our proposed methods for addressing acute events.

Notethat RCRA may al so reducethefrequency of waste-rel ated damage during catastrophic
eventssuch asfloods. Whilereleases during floods are clearly acute events, the magnitudeof flood
damages makes it difficult to isolate health benefits or clean-up costs associated with hazardous
wastereleases. We therefore address the potential reduction of flood damagesin our discussion of
ecological benefits below.

3.3.3 Ecological Benefits

RCRA prevention primarily addresses land disposal practices. Asaresult, releasesto land
are the type of polluting event most often avoided by regulation. The effects of land releases can
include contamination of il and groundwater, surface water, and some types of pollution by air.
The potential for ecological damage vaies with geography and constituent. For example, some
constituentswhen rel eased into the air can be carried and deposited at arel atively great distancefrom

19| Ec. Acute Hazardous Events Data Base. (1985); EPA. Estimating Potential Casualties
from Acute Events at Emergency Response Stes. (date unpublished); EPA. Hazardous Materials
Incidents Reported to U.S. Environmental Pratection Agency Regional Officesfrom October, 1977
through September, 1979. Washington, D.C.: EPA. (1980). Onerecent event that may be classified
as catastrophic is the large rel eases of waste from gold minesin Romaniain early 2000. However,
the ecological and human health damage from this event and the costs associated with its cleanup
are still unclear.
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the point of release Others may havehealth and ecol ogical impactsonly at short distancesfrom the
release point, due to their instability.

Measurable damage to ecological resources from land releases generally occurs when
groundwater or overland flow of water carry contaminants to a nearby surface water body. Flood
eventsand other acute incidents can cause rel eases of waste that havean immediate and significant
effect on ecological resources(e.g., asurfaceimpoundment dikefailsandrel eases contaminantsinto
ariver, killing fish and other biota). More common aregradual increasesin contaminant levelsdue
to long-term releases to groundwater. These may have abroad array of impacts on both resources
used by humans (such asfish populations) and on "non-use values" such asthe value of preserving
habitat and species diversity.® In addition, biota can be affected by uptake of contaminants from
soil, particularly in wetlands or areaswherethe water tableishigh. Relevant ecological impactsand
benefits will vary with specific sites.

RCRA may have other ecological benefits related to the location and operation of newer
TSDs. Approach B incorporates an initial assumption that there is de minimisrisk from Subtitle C
facilities so consideration of new TSDs is not necessary. Howeve, this assumption may
underestimaterisk from these facilities, particularly from catastrophic events such as major floods.
If the analysisis adjusted to incorporate potential risks from Subtitle C units, then the various
construction and siting requirements rel ated to these units should be considered in an eval uation of
program-wide improvements.

We proposetwo approachesfor addressing different aspects of ecological benefits. First, we
present an approach for addressing ecological effectsrelated to changesin pradice a TSDs. this
approach is based on, but also expands on, Corrective Action RIA modeling and data. Second, we
proposeasingle approach for identifying the effectsof RCRA siting requirementsthat are protective
of flood plains and other ecologicdly sensitive areas.

% The value of preserving habitat and species diversity can include use values as well as
non-usevalues. We use the terminology here to emphasize tha analysis should recognize both use
value and non-usevalue when assessing ecol ogical benefits.

2 Note that we do not specifically address ecological benefits associated with the
preservation of groundwater becausethereisno established method for addressingthe non-usevalue
of groundwater, and it is unclear whether groundwater is, in fact, understood by most people to be
an ecological resource. However, we address the use value of groundwater in our discussion of
avoided costs below in Chapter 3, and we discussthe long-term issues rel ated to the preservation of
groundwater (e.g, "assurance" and bequest values) in our discussion of Long Term Benefits in
Chapter 4.
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3.331 Model Ecological Benefits Using M ulti-Pathway Analysis

The Corrective Action RIA modeled baseline ecological damage to surface waters at 52
facilitieswith SWMUs. While this sample was not specifically selected to emphasize geographic
distribution or proximity to ecological resources, adjustment of the model to identify the ecological
impact of continued pre RCRA waste disposd at these facilities can reveal information about the
potential importance of prevention. While results of this modeling should not be applied on a
national level without adjugment, a supplementary sampling effort or a carefu benefits transfer
analysismay provide the basis for areasonable national estimate. Without a close examination of
facility data from the Corrective Action RIA, it is not possible to identify specific approaches to
national extrapolation. However, we do provide adescription of ageneral modeling approach using
Corrective Action RIA data.

Modeling is the most effective approach to identifying the ecological benefits of RCRA at
avariety of facilities withvarying wastes, varying quantities and varying proximity to fragile and
valuable ecosystems. Although modeling of ecological resources hasintensive data requirements,
many of the most important types of environmental data are readily available in spatial form. The
facility-specific data and MM SOILS baseline analysis associated with the Corrective Action RIA
provide a reasonable starting point for an analysisof incremental efects.

M ethod:

. Use the baseline MM SOILS model results from the Corrective Action RIA
to identify with-RCRA Subtitle C damage.

. If dataareavailable, expand modeling to additional pathways such asair and
soil (the original analysis examined only surface water) and identify any
additional effects.

. To identify avoided damage, revise the model to predict expected releases
and damage from SWM Us assuming continued waste disposal inthe absence
of RCRA Subtitle C.

. Characterize damage avoided by RCRA, and establish values for impadas
based on literature or benefits transfer methodologies. Note while some
benefits such as the value for commercial and recreational fishing can be
assigned monetary val ues, other ecol ogicd benefitssuch aspreserved habitat
may be difficult or impossible to monetize.

. If specific risk drivers are identified (e.g., proximity to a specific type of
resource, geology, or industry type) a scoping analysis of the potential risk
driver can identify possible national level benefits (e.g., aspatial analysis of
the number of facilities located in riparian zones).
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Advantages: This approach provides detailed modeling results that can contribute to
analysis of avariety of different ecological benefits. It also allows construction of state-of-the-art
geographic information system that can be updated as methodol ogies advance.

Disadvantages: Theapproach may requiresignificant effortif modding extendstofadlities
beyond the Corrective Action RIA sample. Also, the ability to extrapolateresults to national level
may be limited by previous sampling priorities. Finally, most available models are not able to
measure acute events such as floods.

3.3.3.2 Assess Effects of Subtitle C Facility Siting Requirements

One potential benefit of RCRA isimproved siting of new TSD facilities due to regulations
that require facilities to be located away from flood plains and othe sensitive ecological areas.
Whilesiterequirements have alimited effect on existing facilities, a simple analysis comparing the
locations of new and "older" RCRA TSDs may identify significant ecological protection benefits
not captured in the approaches outlined above.

M ethod: Our proposed method for examiningthispotential benefitisaspatial analysisusing
ageographic information system (GIS) to identify the proximity of flood plainsand other sensitive
locations to RCRA facilities. Datain RCRIS and BRS can be used to identify pre-RCRA siting
decisions (i.e., TSDsthat applied for interim gatus in 1980) and more recently regulated facilities.
Using geographic datafrom the United Staes Geological Survey, National Oceanographic and
Atmospheric Administration, and ather public sources to identify ecdogica features, a simple
analysis of the percentage of facilitiesin close proximity to fragile systems can identify the extent
of changein siting decisionsunder RCRA .?* In addition, asupplemental analysisof highwater data
for recent largeflood events(e.g., the1993 Mississippi Riverfloods) and multipleyearsof BRSdata
may allow identification of specificfacilities that ceased managing waste prior to flood events.

Theresults of thisanalysis are not additive with the results of the multi-pathway ecol ogical
analysis because it isimpossible to predict what facilities "would have been sited" absent RCRA.
However, an identifiable trend toward siting decisions that are protective of ecological resourcesis
a clear benefit of the program that can be presented in conjunction with the above approach.®

2 This analysis assumes that, absent RCRA, spatid distribution of RCRA facilities would
be similar to the distribution of pre-RCRA facilities that till exist.

% Flood-related hazardous waste releases would also likely include maerials damage and
human health effects, but these effects would be difficult to isolate from general flood damage, and
may also beincluded inan analysis of acute events. Our discussion of the benefits of RCRA siting
requirements therefore focuses only on ecologicd impacts.
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Exhibit B-2 in Appendix B contains asummary description of these two methodol ogies, including
abrief description of data requirements for each.

3.3.33 Note on Resour ce Conservation Benefits

Our proposed methods for characterizing the ecological benefits of RCRA do not address
"resource conservation benefits’ associated with reductions in the quantity of hazardous waste
generated under RCRA. Reduced waste generation may be associated with reduction in the
extraction and use of raw materials. Avoided ecological damage associated with the extraction of
raw materials should be considered a benefit of RCRA.>* However, at this time we have not
examined available data sources or considered potential methods for addressing thesebenefits. We
recommend that this potential source of benefits be revisited as part of implementation.

3.3.4 Avoided Costs

The "avoided costs" attribute is often difficult to define and measure, particularly in the
context of a prevention-related program. A central purpose of the RCRA Subtitle C prevention
programsis to avert environmental damage and its associated costs. Therefore, many benefits of
RCRA may be expressed as"avoided costs' and some avoided costs are captured in other attributes.
However, herewe specifically addressthe costs associ ated with government mandated and vol untary
treatment or "averting behaviors' to avoid the effects of contamination. Government mandated
treatment costs avoided by RCRA Subtitle C are not captured by other attributes and may have a
significant impact on the overall value of the program. Voluntary averting behavior costsmay also
be considerable and may be useful in estimating the full value of avoiding health impacts. Our
proposed methods address the avoided costs associated with obtaining alternative water supplies.

Because most releases of waste from hazardous waste facilities are releases to land,
contamination of groundwater is a primary exposure pathway. The costs related to this damage
includetheincremental costsof switching to anew water supply. Thiscan mean purchase of bottled
water, connection of homes to a municipal water supply, or installation of water treatment for an
existing supply. In any situation where contamination requires installation of a more expensive
water supply mechanism, the avoided costs of averting health effectsincludethe switching costsand
any incremental water costs. Note that while other types of exposure (e.g., ingestion of food grown

24 Note that conservation of finite resources represents atransfer of goods across time and
may or may not be assodated with an economic benefit. Actual economic berefits would be
determined by the extent to which the future value of the resource is affected by scarcity, demand,
and availability of substitutes. However, resource conservation isoften astated goal of a particular
policy or regulatory program and it may also be important to identify the extent of resource
conservation as part of a comprehensive assessment of a program.
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in contaminated soil or water) may require changes in behavior, in most cases we believe that
switching costsarenegligible(e.g., sincemost popul ations are not exclusively dependent upon local
food sources).® Finally, thisdefinition of avoided costsis conservativein that it does not consider
behavior changes with no obvious replacement cost, such as the need to reduce showers or outdoor
activitiesin order to limit dermal exposure to or inhalaion of VOCs and other contaminants.

Oneissue in estimating avoided water supply benefits is the potential overlap with human
health risks, since averting behavior should reduce risks to health, even before site remediation is
complete. A simple approach assumes that al exposure-related human health risks are fully
mitigated by averting behavior at the point in time when public notification of risk occurs (for
simplicity we also assumethat notification is simultaneous with the beginning of site remediation).
Therefore, the duration of human health risksis defined asthe interval between initial exposure and
the public notification of risk.? The value of avoided costs is then added to human health risk
estimates?” Exhibit 3-3 illustraes this view of a hypothetical damage incident and its associated
impacts; additive costs represent the sum of other costsinthefigure. Notethat any implementation
of these methods should careful ly define exposureduration and averting behavior coststo assurethat
thereis no double-counting of these impacts.

Our proposed Approach B would address both the avoided costs associated with improved
practicesat active TSDsand the benefits associ ated with avoiding hazardouswastesites. Therefore,
each avoided cost estimate woul dincorporate two cal culations: an assessment of benefits associated
with operating TSDs (removing from consideration remediation and response activitiesin the with-
RCRA scenario), andaseparate estimate of avoided costs associ ated with avoi ded hazardous waste
sites. Below we present two alternative approachesto cal culating avoided water costs. Within each
of these methodol ogies we address both existing and avaided TSD facilities.

% In some cases where certain populations are dependant on a specific food source this
assumption may not bevalid. Theenvironmental equity attribute addressesthe distributional effects
of contamination on sensitive populationsand can be used toidentify cases where this issue arises.

% This simplifying assumption does not address circumstances in which persons continue
to be exposed to risk (e.g., through refusal to take averting actions, lack of notification, or exposure
to "unavoidable” risks such as air transport of pollutants from a site). In these cases averting
behavior-relaed costs may serve as a rough substitute for the continuation of human health risks.

2 Implementation of any modeling approach must address the issue of assessing total
impacts; one approach could be to model perpetual human health impacts to estimate extent of
environmental damage. Alternatively , it may be preferable to model more limited health impads
and consider clean-up and averting behaviors. The actual extent of health risks and averting
behaviors vary with site specific characteristics. The modeling approaches suggested for human
health effectswill requireidentification of expected duration and timing of contamination and health
effects, or consideration of avoided costs on a site-specific basis.
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Option 1. Simple Extrapolation of Existing Estimate

The Corrective Action RIA modeled baseline avoided costs of providing alternative water
supplies. Onevery quick estimate of costs can be generated by assuming that water supply damage
(and replacement costs) have alinear relationship with the spatial extent of contaminaion. This
estimate uses modeling data generated for the human health benefits evaluation above to compare
the spatial extent of affected groundwater resources under the without-RCRA scenario with that
identified in the baseline. Then the RIA'stotal estimate of $230,000,000 (in 1992 dollars) can be
adjusted by the same percentage.?® The RIA's total estimate can also be adjusted to provide an

% Note that we use groundwater volumeas a metric because we assumethat well accessis
determined by property ownership patterns and nat by aquifer volume However, we suggest a
bounding analysisusing change in percentage volume affected to reflect anassumption that the well

access is determined by the extent of the resources and does not conform to property lines.
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estimate of the avoided costs associated with the total number of avoided facilities identified in
Approach A. This assumes a simple linear relationship between cost and number of affected
facilities, and assumesthat the Corrective Action universeisrepresentativeof the avoided fecilities.
The simple calculations for this approach are:

Avoided Water Costs at operating TSDs =

area affected groundwater (without RCRA )/area affected groundwater (baseline)x baseline total avoided costs
Avoided W ater Costs at avoided TSDs =
(averagereplacement costsper ste(RIA baseline)) x # avoided TSD's (Approach A)

Total RCRA avoided water supply benefits =
Avoided Cogs at operating TSDs +Avoided Coss at avoided TSDs

Advantages: This option provides a simple characterization of the extent of water
replacement costs avoided under RCRA without requiring significant data collection.

Disadvantages: The result of this option is based on the assumption that relationships
between the extent of damage (either spatial extent of pollutionor number of fadlitieswith rel esses)
and avoided costsarelinear. Thisassumption obsauresthefact tha avoided water costsare " projed-
defined.” For example, the two long-term options for aternative water supply (treatment and
extension of municipal systems) require significant capital investments, but the marginal cost of
"adding another house" to an extended systemmay beinsignificant. Also, the approach requiresthe
designation of an "average time span” for contamination in order to designate plume sizes; this
estimate will contribute uncertainty to the analysis. As a result, the estimates identified in this
methodology are most useful for scoping purposes only.

3.34.2 Option 2: Calculate Benefits Using Modeling and Site-Specific Data

Option 2 addresses the issue of cost variability by using Corrective Action RIA sample
facility datato model the extent of additional without-RCRA disposal effectsin real settings. The
Corrective Action RIA outlines an approach that incorporates actud well use dataand existing water
supply optionsinto itsbaseline avoided cost estimate. An approach that reproduces or updatesthis
methodology will provide a more specific and reliable estimate of avoided costs.

Method:
. Define with-RCRA scenario using Corrective Action RIA data to determine
the following: affected population of well users for each sample facility;

likely alternative water sources for each site (e.g., municipal water sources
or wellsnot inthe path of contamination); and costs associated with the most
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reasonableoption for each facility, based on engineering estimates borrowed
from the literature or generated for the project.?

. Modify model to determine extent of groundwater contamination in a
without-RCRA scenario.

. Using Corrective Action RI A engineering cost and site specific data, estimate
thetotal costs of without-RCRA alternative water supplies, and calculatethe
benefit by subtracting the with-RCRA estimate.

. Extrapolate results to existing TSD facilities with on-site pre-RCRA
SWMUs.
. Estimate costs associated with avoided facilities by applying the ratio of

without-RCRA to with-RCRA costs to the number of avoided TSDs
identified in Approach A. Like Option 1, this approach assumes a linear
relationship between value of the benefit and number of affected facilities.

Advantages: This option would provide a more defensible estimate of avoided costs by
using actual siteinformation and project cost estimates. The approach addressesthe possibility that
marginal avoided costsat asiteaready contaminated might be very different than total project costs.

Disadvantages: Theapproach may requiresignificant effort if addtional or updatedfacility
data collection becomes necessary. If the effort requires consistent data collection from more than
nine individual facilities, then an ICR may be necessary. Exhibit B-3 in Appendix B contains a
summary description of our proposed methods for addressing avoided costs

3.3.5 Improved Aesthetics and Historic Preservation®

Although RCRA Subtitle C regulations do not directly address the preservation of historic
districts or improved aesthetics, better waste management practices may have inddental benefits,

2 Thelikely population of well users must refleat expected populaion growth and land use
transitions in predicting future exposure incidents related to pre-RCRA wastes. The Corrective
Action RIA presentsamethodfor addressing thisissue over thetimeframeidentified inthat analysis,
but this issue should be addressed agan carefully in developing an analyds of RCRA Subtitle C.

% This attributeisfor consideration in Approaches B, C and D. The valueof aestheticsand
historic preservation are already reflected in the property valuesthat form the basis of Approach A,
though these valuesdo not include non-residential benefits such asimproved revenue from tourism.
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including reduction in noise and odor and improved visibility in the immediate vicinity of TSD
facilities. Inaddition, TSD facilities near historic districts or open spaces such as parksmight affect
the quality of experiencein these places; regulations mandating appropriate waste trestment might
therefore improve the quality of the resources. Alternatively, RCRA regulations tha result in a
facility owner/operator having to transport their waste for off-site storage, treatment, or disposal to
ensure effectivemanagement may increasetruck traffic and noise, and may actually reduceaesthetic
quality. It iseven possible tha total benefits under this attribute could be negative if new RCRA
facilities are larger and more digruptive than older facilities.

There are three difficulties in addressing aesthetics and historic preservation in the RCRA
context. First, becauseimpacts on theseattributesareindirect results of RCRA, thereisno national
effort to collect information to identify these effects. Second, the attributesand their valuesarevery
localized and require site-specific evaluation.® Finally, it isdifficut to attribute benefitsto RCRA
becauseother environmental laws(e.g., the Clean Air Act) al so affect aestheticsand the preservation
of historic landmarks. For these reasons we limit our range of approaches to those that will
characterizethe possible importance of these attributes without demanding considerabl e resources.
Werecommend four methodol ogical options. Thefirst two optionsaddressaestheticimprovements;
the third addresses historical preservation, and the fourth is an integrated approach that addresses
both improvements in aesthetics and historic districtsin the vicinity of RCRA facilities.

3.351 Potential Benefitsto Aesthetics Under RCRA

Option 1. Identify Correlation, Trends Between RCRA Sites and Reported
Disamenities. The American Housing Survey from the U.S. Census asks residents
in various metropolitan regions to report on the features of their housing, including
environmental disamenities such as noise, smoke, and traffic. Based on data from
various years of this survey and corresponding BRS data, this approach would
identify spatial correlations (using aGlS) between RCRA TSD facilitiesandreports
of disamenities. Changesin these paterns over time (e.g., areduction in reports of
disamenties within a given distance from RCRA facilities) could be extrapolated to
show trends in the vicinity of RCRA facilities.

Option 2. Qualitatively DiscussChangesin " NoxiousFacilities." Using Industry
Assessment data and specific engineering knowledge, this method would identify

31 One direct approach to valuing aesthetic quality or historic importance is a contingent
valuation (CV) survey. CV studiesidentify thewillingness of peopleto pay for aparticul ar resource
or asset by asking them their preferencesin multipledifferent scenarios and options. However, CV
studies are resource intensve and their results are often difficult to interpret, because they rely on
hypothetical responses and not on exhibited behavior. We thereforelimit our methods to simpler
approaches to the evaluation of these attributes.
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pre-RCRA practicesandwastefacilitiesin key industriesthat would likely have been
"noxious." Using Arthur D. Little, Inc. (1991) and BRS data the method would
estimate changesinthe number of facilities and use of waste management practices
since RCRA, and would then identify qualitatively the extent and type of effects of
these changes on aesthetics.

3352 Potential Impact of RCRA on Historical Sites

Option 3. Ildentify Proximity of RCRA sites to Historical Sites. This
methodol ogy would identify potential impactsof RCRA practiceson historical areas.
Using BRS data and a GI S, the approach would map large RCRA facilities (TSDs
and large quantity generators) from several different years of BRS data. For all or
arandom sample of the sites, we would then develop a GISlayer of historical areas
and overlay this laya on the RCRA sites (note that this analysis can also be
expanded to include natural and cultural resources such asnational parks).®* Finally,
wewould identify changes over timein the number of RCRA sitescloseto historical
districts.

3.35.3 Impact of RCRA on both Aestheticsand Historical Sites

Option 4. Perform Detailed Case Study of a Sample of Facilities. This method
would usethe Approach B sampleor aseparately collected sample and perform case
studies. The case studieswouldidentify patternsof land use, population density, and
facility practiceboth beforeand after RCRA , and would estimate the potential impact
of changes in wage management practices.®

While none of these approaches defines avalue for the effects of RCRA on aesthetics and historic
sites, all four addressthe range and magnitude of the possible effects. By performing case studies
to address both historic and aesthetic effects or by using acombination of two of the other methods,
it is possible to determine whether impacts on aesthetics and historical areas were likely to be
considerable. If the scope of these benefits appears to be extensive, then additional resources can
beallocated to analyzing asample of facilitiesusing either Gl Stechnology or site-specific research.

3 The ability to map dl historical areas will be limited by data availability. While some
historical districts are mapped by the US Geological Survey and are availablein national coverages
for use in a GIS, other sites are determined by locality and may not be available from national
sources. In addition, the data management requirements of a national GIS can be considerable.

33 Thismethod may be most appropriatein the context of Approach C (seediscussion below),
which requires collection of detaled site specific data as part of itsmodeling effort.
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Exhibit B-4 in Appendix B contains a summary description of the methods for addressing
improved aesthetics and historic preservation, including abrief description of datarequirementsfor
each.

3.3.6 Approach B Summary

Approach B provides amethod for the detailed assessment of individual benefits attributes
related to both improvementsin TSD operationsat active RCRA facilities, and to avoided hazardous
waste sites due to closure of pre-RCRA TSDs. The approach outlines amethod for identifying an
appropriate facility sample and for modeling two scenarios. a baseline with-RCRA Subtitle C
scenariothat reflectsdamagefrom previouswaste disposal and awithout-RCRA Subtitle C scenario
that estimates environmental damage from projected waste disposal in the absence of RCRA.

Based on these modeling results and other avalable information, Approach B presents
methods for addressing four key exposure-rel ated attributes.>

. Human health bendits

. Ecological bendits
. Avoided costs of alternate water supplies and site remediation
. Improved aesthetics and historic preservation

These attributes must be addressed separately, and benefits estimates will be additive or
suitable for national extrapolation only to the extent allowed by the size and representativeness of
the facility sample. However, to avoid the expense assodated with sample slection and data
collection Approach B proposesthe use of the existing facility and modeling data for the sample of
facilitiesstudied inthe Corrective Action RIA. Inaddition, the approach would examinetherelative
importance of each attribute, allowing the use of state-of-the art literature and methodologies for
evaluation.

Our proposed Approach B is significantly more resource intensve than Approach A, and
though it effectively analyzes the entire range of activities associated with TSDs, it still does not
address the benefits of changes in waste management practices at RCRA-regulated facilities such
as generators and transporters. In addition, though approaches to certain attributes address newly
regulated RCRA facilities, the central focus of Approach B is on the wastes and facilitiesinitially

34 Some data collected for Approach B may also be usefu in examining Environmental
Justice impacts related to RCRA; we discuss these impacts in Chapter 6.
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regulated under RCRA. A thorough analysisof newly regul ated wastesand industrieswould require
an additional effort.

Approach B isalso limited in its anal ytic options by the samplesel ection and datacollection
performed for the Corrective Action RIA. If it isdetermined that additional information or sample
facilities are necessary to supplement the scope of an analysis, then aseparate datacollection effort
would be required (note that an organized data collection effort from more than nine facilities
wouldlikely requirean ICR). Evenif the Corrective Action RIA isrepresentative of the pre-RCRA
universe, updating and adapting the RIAs model and analyses will demand considerabl e resources

Finally, Approach B would address severd important attributesand could provide aestimate
for asubstantial portion of the benefits of RCRA regulations affecting TSD facilities. However, as
in Approach A, a complete examination of the benefits and costs of RCRA under this approach
would require analysis of long-term bendits (Chapter 4), costs (Chapter 5), distributional impacts
(Chapter 6) and program context attributes (Chapter 7).

34 APPROACH C: SITE SPECIFIC MODELING USING
ORIGINAL DATA COLLECTION AND MODELING

Our proposed Approach C is similar to the site-specific modeling approach described in
Approach B, but it would use different source data. While Approach B is based on the sample
selection and available dataof the Corrective Action RIA, Approach C outlinesamethodol ogy based
on an original sampling and modeling effort. Thisapproach allows moreflexibility in study design
torespondto issuessuch asresourcelimitationsor analysisof aspecific aspect of the RCRA Subtitle
C program.

Our proposed Approach C would follow the same analytic outline as Approach B and
involvessevera stages, includingidentification of samplefacilitiesand collection of data; modeling
analysis of facility data and identification of avoided damage; and estimation/characterization of
attributesrelated to avoided damage. At each of these steps we present methodol ogical alternatives
that vary in required resources and in the comprehensiveness and precision of results. However, it
isimportant to note that in an actual analysis, initial decisions about sample size and data collection
may limit or expand later options for evaluation of some attributes.

34.1 STEP 1. Identification and Selection of Facility Sample

In Approach C, there is no pre-selected sampledata. The most appropriate sample size and
typeis determined by specific analytic objectives. For instance, alimited number of detailed case
studies may be most appropriate if the analytic objectiveis to characterize the range of possible
benefitsand costs of the RCRA or to develop a"worst case” damage scenario. Alternatively, if the
objective is to reach a defensible national estimate of RCRA benefits and costs, then a larger,
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representativesampl e of facilitiesisnecessary, providing arangeof industries, geographiclocations,
and pre-RCRA waste management and disposal practices.

In selecting an appropriate sample under Approach C, it isimportant to identify the aspects
of facilitiesthat will allow the most accurate measurement of avariety of attributes. Toaddressthis,
it isimportant to identify arange of:

. Waste constituents. These should reflect a variety of fate and transport
behaviors and a range of effects on human health and ecological resources.

. Facility sizes and management technologies. Some pre-RCRA waste
management units are likely to be riskier than others.

. Proximate ecological resources. This may include a range of land use,
surface water resources, notable resources such as national parks and
wilderness areas, and climates.

. Human receptors. This should include a range of populaion densitiesin
various geographic areas of the country, to identify thelikey range of health
effects from different types of facilities.

. Geology. Because groundwater is an important pathway for human
exposure, it is important to look at the effect of geology on the extent of
damage from afacility.

Without knowing specific objectives in advance, we have identified avariety of data sts
that may be useful in the development of sample frames and facility universe estimates. These
include Corrective Action RIA data, aswell asdatafrom CERCLIS, RCRIS, BRS (for more recent
facility information) andvarious state sources.®* For amore detailed discussion of these sources see
our description of Approach B above.

3.4.2 STEP 2. Mode Basdaline and Without-RCRA Releases

Approach C can be used in developing an estimate of the incremental benefitsof improved
waste management practices at active RCRA facilities, aswell as benefits associated with avoided

% Several states maintain publicly available facility and site information; however, if data
arenot readily available and the approach requires datafrom more than nine states, then an ICR may
be necessary.
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hazardouswaste sitesand TSDs. Furthermore, depending on sample selection, this approach could
incorporate more recently reguated TSDs and wades.

Asin Approach B, it is necessary to identify pre-RCRA facilities that ceased or changed
management of waste with the implementation of RCRA regulations. Using any of a number of
sources, including Corrective Action RIA, RCRIS, stateinformation sources, and CERCLIS, sample
selection can betailored to address specific analytic objectives.

Inaddition, Approach C would require the selection of amulti-mediamodel that can be used
to simulate arange of future release and damage scenarios. Thereare several multi-media models
that are capableof providing reasonable scenarios for avariety of sites. To the extent that a model
can be "customized" with site specific data in the place of default parameters, these models can
providereliable estimatesof transport and exposure at individud facilities; however, if thepreferred
methodology is aset of case studies, then asite specific analysis based on actual field data may be
preferable. We mention two of the available models with multi-pathway capability:*

. The MM SOILS model wasused inthe Corrective Action RIAintheanalysis
of human health risks MMSOILS is a multi-pathway model that can
calculate releases and exposure to contaminants through air, groundwater,
overland flow and surface water, aswell asingestion of contaminantsinsoil.

. The MEPASmodel issimilar infunctionto MM SOILS; itisalsocapable of
calculating the movement of releasesthrough soil, groundwater, air, surface
water, and overland runoff. AlsolikeMMSOILS, it iscapable of estimating
human health risksfrom exposure through the various pahways.*’

When the appropriate sample and model have been selected, Approach Canalysisfollowsthe same
general steps as Approach B in developing an estimate of damages avoided under RCRA. A more
detailed discussion of these stepsis outlined above in our discussion of Approach B.

% The HWIR 3MRA modd is also under devd opment and may be available for usein an
anaysis of RCRA human health and ecological berefits. Approach D (below) describes a
methodol ogy that uses this model.

37 While a number of sources of information are readily available (e.g., RCRIS, CERCLIS
data) Approach C data collection from fecilities or states could require an ICR if the number of
sample facilities (or states) exceeds nine.
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3421 Identify Level of Contamination in the Presence and Absence of RCRA

Our proposed Approach C requires sitespecific modeling of samplefacilitiesto establish a
level of contamination that has or would occur as aresult of releases that took place before RCRA
took effect. This effort may include collection of facility datafrom public recordsand databases,
direct measurement of site conditions, and/or modeling of facilities based on engineering estimates
and theoretical release scenarios. As in the Corrective Action RIA, it is necessary to identify a
sample of facilities with preeRCRA waste management units, though this sample can include
facilities whose units were not regulated by RCRA until more recently. Asin Approach B, this
approach assumes that the risk of damage from new Subtitle C wunits at the sample facilities is
negligible, due to monitoring and Subpart F Corrective Action requirements under RCRA
prevention.

Approach C al so requiresmodeling of thewithout-RCRA scenarioassuming the continuation
of waste disposal practices that were in place prior to RCRA. This requires facility information
about past practicesand wastes. Asin Approach B, the extent of avoided damage attributableto the
Subtitle C prevention program is the difference between this" continued disposal” damage and the
actual with-RCRA estimate of contamination from the sample facilities.

34.2.2 Apply Modeling Resultsto " Avoided T SDs"

If Approach C involves arepresentative sample of fadlitieswith pre-RCRA TSDs, then the
avoided damage from closures can be measured by applying the range of damages identified at
existing facilitiesto the number of avoided facilitiesidentified in Approach A. Asin Approach A,
however, it is necessary to develop arange of estimates to reflect possible differences between the
profileof existing contamination between samplefacilitiesand the profile of existing contamination
at facilitiesthat closed under RCRA. In addition, this extrapolation isnot possibleif ApproachCis
implemented as a case study approach. Exhibit 3-4 provides aflow chart summary of Approach C.
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E xhibit 3-4
SUMMARY OF APPROACH CTO ESTIMATING RCRA BENEFITS

Approach C

Identify Facility Sample

= Deavelop sampling protocol,
select sample of facilities with

pre-ECE L SWMUs.

v

Calculate Baseline T5D Damage

= Model releases from sample
facilities, focusing on pre-
ECE&4 SWHMUs.

|

M odel Without RCRA Dam age

= fssume contnued disposal of
waste inpre-RCEA SWMTU

:

Caleulate Avoided Damage
at Ongoing T 5D =

= WithoutECEA damage -
baseline damage

:

Calculate Benefiiz R elated
to Avoided Damage

=  human health

= avolded government-
mandated costs

. ecological

{from Approach A}

Identify “Avoided T 5D s™

Apply Per 5ite Values to

= Industry A ssessments - BEES — Numhber of Avoided T 5D =

= Industry & ssessments - 1981 [assumes representative sample)
Fenerator Survey
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3.4.3 STEP 3: Estimate/Characterize Benefit/Cost Attributes

Approach C modeling would provide an estimate of the number and extent of releases and
environmental damagethat have been avoided by theimplementation of RCRA prevention programs
at TSD facilities. The final stage of the approach addresses the four localized benefits that are
addressed by Approach B: human heal th and ecol ogical benefits, avoided costs, and aesthetics. The
potential methods for estimating these attributes in Approach C are essentially the same as the
methods identified in Approach B. For this reason we do not present detailed descriptions of the
methodologies here. However, the development of an original modeling effort for each of these
attributesrequires attention to particular parameters. Welist afew additional considerationsbelow:

. Human Health Effects: It is important to determine the specific human
health affectsto be addressed by the model, as well as an average exposure
time length, and to identify any high-end risk populations and scenarios
(such as small children ingesting contaminated soil). Model selection will
affect the extent to which specific human health risk parameters (e.g.,
individual, population, and MEI risks) can be estimated.

. Ecological Effects: It isimportant to determine the general ecology of the
areas proximate to fadlities and potential human uses (such as fishing), as
well as the existing non-RCRA pollutants and damage in the area.

. Avoided Costs: It is important to consider the actual and future expected
usesof groundwater, inadditionto theavailability of alternativesupplies, and
the possibility of economic incentives or regulatory requirements to install
treatment or become part of a municipa system. It is also important to
establish the modd parameters to avoid double-counting avoided costs and
human health benefits.

3.4.4 Approach C Summary: Site Specific Approach Using
Original Data Collection and Modeling

Like Approach B, Approach C allows a site-specific analysis of a portion of the benefits
related to both changes in practice at operating TSDs and to avoided hazardous waste sites due to
closure of preeRCRA TSDs. Also like Approach B, Approach C would use modeling to identify
differences between with-RCRA and without-RCRA scenarios addressing the four key site specific
attributes:®

% Some data collected for Approach B may also be usefu in examining Environmental
Justice impacts related to RCRA; we discuss these impacts in Chapter 6.
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. Human health bendfits

. Ecological bendits
. Avoided costs of alternate water supplies and site remediation
. Improved aesthetics and historic preservation

Inaddition, Approach C provides considerableflexibility in determining the scope and focus
of an analysis. For example, because it is based on original sampling and data collection, this
approach may be used to target "newer" industries and wastes that werenot originally regul ated by
RCRA, in addition to the universe of facilities whose SWMUs were regulated by 1982.

Approach C also providesamethodol ogy for performing adetailed examination of alimited
number of case studiesto identify "worst case” facilitiesor to focus on specificindustriesor SWMU
types. However, the benefits estimates will be additive or sutable for national extrapolation only
to the extent allowed by the size and representativeness of the facility sample.

The chief limitation of the proposed Approach C is the resources that would be required to
achieveanational estimate of benefits. Inaddition, theapproach doesnot addressRCRA generators
and transporters, though site-specific modeling approaches coul d be used to addressrel easescenarios
at these facilitiesas well as TSDs.

Finally, asin Approach B, Approach C wouldaddress severd important attributes and could
provide an estimate for a substantial portion of the benefits of RCRA regulations affeding TSD
facilities. However, acompl ete examination of the benefitsand costs of RCRA under thisapproach
would require analysis of long-term benefits (Chapter 4), costs (Chapter 5), distributional impacts
(Chapter 6) and program context attributes (Chapter 7).

35 APPROACH D: PATHWAY MODELING APPROACH
USING THE HWIR SMRA MODEL

This methodology is similar to the other pathway modeling approachesin that it addresses
benefits from reducing chronic risks to human health and to ecological resources. The approach
hinges on the initial devdopment of a without-RCRA scenario, describing how wastes would be
generated and managed today if the waste management standards of RCRA werenot applied. Using
risk assessment damage functions, the approach compares the impacts of management in the
without-RCRA scenario with the impacts of waste management in the with-RCRA scenario, where
wastes are managed in compliance with the requirements of Subtitle C.

The approach is similar to the site-specific modeling approaches described in Approaches

B and C, but uses different sources for data on the properties of the wastes and the locations and
characteristics of projected waste management sites. The steps in thisapproach include:

3-34



. Identification of industries for modeling;

. Creation of a pre-RCRA scenario of waste generation and management
(approximately 1978);

. Creation of awithout-RCRA scenario of waste generation and management
inacurrent year (approximately 2000);

. Modeling of waste disposal in sample facilities, and

. Modeling of environmental releases and resultant risks to human health and
environmental resources.

Approach D and Approach B aresimilar in that they both employ aspecific model to provide
estimates of damage associated with waste management at asample of "pre-RCRA" facilities. The
following are principle differences between Approach D and Approach B:*

. Sour ceof wastedata: Approach B useswaste databased on individual sites
(i.e., thespecificfacilitiesinthe Corrective Action RIA), whilewaste datafor
Approach D arebased on industry sectors;

. Waste management facilities: Approach B uses the sample of facilities at
the Corrective Action RIA sites, while Approach D uses the sample of
Subtitle D (i.e., non-hazardous) waste management facilities that are
incorporated into the HWIR model; and

. Methodsfor assessing risks: Approach B uses Corrective Action data and

the MMSOILS model, while Approach D uses the HWIR 3MRA
(multimedia, multi-exposure pathway, multi-receptor risk assessment) model.

Approach D involves three basic stepsin its development of modeling results.

39 Approach C also presents asimilar methodol ogy based on pathway modeling a& asample
of facilities, but does not specify a sample selection or modeling protocol tha can be meaningfully
compared to those described in Approaches B and D.
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351 STEP1. Identification of Industriesfor Modding

Approach D portrays wastegeneration and management in various industries, beginningin
the period before RCRA. The first step inthis approach, therefore, is identifying which specific
industriesto model. Thisapproach will only befeasibleif datafor asufficient number of industries
isavailableto create an overall picture of waste generation and management for theentireU.S. This
effort isnot expected to create acomprehensive picture of all industries, yet it isexpected to produce
a portrait that will represent benefits of good waste management for a significant proportion of
wastes generated.

Candidates for modeling include the industries identified in the Office of Solid Waste
Industry Assessmentsin the late 1970's. These reports profiled generation and management of
hazardouswaste in anumber of industrial sectors. Other industrieswhichwerenotincluded inthose
profiles may also be good candidates, if data are available.

3.5.2 STEP 2. Creating Scenarios of Waste Generation and Management

Aninitial set of industries will be assembled as candidates to model waste generation and
management in both a "true" pre-RCRA scenario and a counterfactual, without-RCRA scenario.
These are defined and explained below.

3521 Pre-RCRA Scenario

For each industry selected, the next step would be to create a scenario describing waste
generation and management in apre-RCRA year (prior to promulgation of RCRA regulations). For
eachindustry, the pre-RCRA scenario will notewhat westes are generaed, inwhat volumes, inwhat
forms, what constituents are in the waste, and how they aremanaged. EXxistingdata sources should
be sufficient to provide information about waste generation and management. Much of the dataiin
the Industry Assessments was collected to learn how waste was managed; the resulting reports
provided information about the threats posed by mismanaged hazardous waste.

This information would need to be updated by including data on wastes which were
generatedinthe pre-RCRA yea, but werenot yet tracked (or identified ashazardous) by the RCRA
program. By bringing together data from a variety of sources, it should be possible to create a
reliable and reasonably accurate scenario describing hazardous waste management before RCRA
management practices were employed.
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3522 Without-RCRA Scenario

Working fromthepre-RCRA scenario (waste management before RCRA standards), thenext
step would be to create the without-RCRA scenario. This would require extrapolating waste
generation data for each industry from the pre-RCRA scenario (approximately 1978) up to today.
Thisextrapol ation would require careful estimation, examining actud generationineachyear aswell
as industry trends, other regulatory initiatives, and economic factors that influenced industrial
production and waste generation in each year.

The end product of thistask would be a scenario describing generation and management of
hazardous waste as it would be today, if RCRA management standards were not in place.
Specifically, thescenario would include information on:

. Waste streams generated
. Quantities generated/managed
. Types of management units used (landfills, surface impoundments, waste

piles, open dumping, etc.), and

. Waste constituents and concentrations.

35.23 L ocation of Management Units

Todescribetheeffectsof continued waste management under pre-RCRA practices, wewould
need to determine how wastes would be managed in the absence of RCRA standards. The pre-
RCRA scenario would include information on the types of management units used. In order to
understand the impacts of substandard waste management practices, waste disposal at particular
locationswould be modeled. The approach assumes that wastes would be disposed at typical non-
hazardous waste management facilities (this approach understates the risks from non-RCRA waste
management, since wastes could simply be dumped).

The 1985 Screening Survey of Industrial Subtitle D Establishments described data on
locations of facilities and waste management units, representing over 150,000 establishments
managing non-hazardous wastes. A representative sample of these facilities wasassembled by the
OSWER office of Sdid Waste (OSW) to create the Site Survey Database for the 3aMRA model.

Thisapproach would use this sampl e database to represent disposal of wastesat typical non-
hazardous waste units around the country. Quantities of waste generated each year can be modeled
asbeing disposed at thesetypical fadlities, inthetypesof unitsthat wereused historically to manage
these wastes, as indicated by the industry data.
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There are several advantagesto use of this database. Theseinclude:

This approach would use the SMRA model which has been developed to provide risk
assessment supporting the Hazardous Waste Identification Rule. The SMRA model istheresult of
years of effort from both OSWER and Office of Research and Development (ORD), and has been
extensively reviewed and tested.

The model is designed to estimate human health and ecological risks from management of

wastes in waste management units that are nat compliant with RCRA Subtitle C standards. Inputs
to the modeling wouldinclude:

Representative data on locations and types of facilities: The sites are
representative of thetypes, sizes, and geographic locations of non-hazardous
waste management units at which waste might be disposed far the universe
of these unitsknown in 1986. Assuming some advancesin regulation since
the initial RCRA regulations were promulgated in 1980, these sites most
likely represent waste disposal alternatives that are at |east as protective as
those which might be used in the absence of RCRA; in fact, they are likely
to be more protective.

Characterization of the sites, include attributes affecting fate and
transport of contaminants: OSW has conducted extensive site-specific
characterization of the samplesites, including human receptors, water bodies
and watersheds, soils, and other ecologicd receptors. EPA hassupplemented
this site-specific data with regional data on meteorological conditions and
water quality and aquifer data.

Representative data to characterize management units: This database
also includes data on the various types of management units used for non-
hazardous waste management, and characteristics (size, location, etc.) of
these units. The sampling method and the Monte Carlo methods in the
3MRA model would provide statistically valid representations of waste
management at the universe of non-hazardous waste management sites
around the country.

3.5.3 STEP 3. Modeling Environmental | mpacts

Waste quantities and characteristics from the without-RCRA scenario;

Data on waste management units from the Site Survey database;
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. Site-specific data on watersheds, water bodies, soil characteristics, and
human and ecological receptors;

. Region-specificdataon meteorologicd properties, groundwater and surface
water, and other ecological receptors; and

. Supplementary national-level data.

Theresult of the modeling effort would produce estimates of human health (both individual
and population) risks and ecological risksthat would be present today if RCRA standards were not
followed. These risks would be compared to those present in the baseline condition (waste
management in these industries today, as regulated by RCRA management standards). The
difference in chronic human health and ecological risks would address two of the major benefits
attributes associated with RCRA Subtitle C standards. Exhibit 3-5 provides aflow chart summary
of Approach D.

As with Approaches B and C, Approach D modeling data might also be used to support
estimates of avoided costs; additional methodol ogies presented as part of Approach B would also
be relevant to this approach.** Finaly, as with the ather benefits approaches, a complete
examination of the benefits and costs of RCRA under Approach D would require analysis of long-
term benefits (Chapter 4), costs (Chapter 5), distributional impacts (Chapter 6) and program context
attributes (Chapter 7).

40 Note that engineering cost estimates of alternativewater supplies are not likely availeble
aspart of the SMRA model; however, it may bepossibleto use costdatafrom The Corrective Action
RIA or other sourcesto provide general estimates of avoided costs.
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Exhibit 3-5
SUMMARY OF APPROACH D TO ESTIMATING RCRA BENEFITS

Approach D

Id entify Pre-RCREA Industries
and Practices

+ Tdentify targetindustries using
pre-ECEA data on waste
ceneration and disposal.

Develop Without-RCRA Scenario

+ Develop scenario of continued
waste disposal absent ECE 4 1n
target industries.

Mpdel Without-RCRA Damage

+ Use HWIE ZMEA Model to
identify impacts of without-
ECEA waste disposal.

Calculate Benefits Related
to Avoided Damage

+  human health

¢ avolded government-
mandated costs

+ ecologoal
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